Abstract-This paper presents two new design techniques for improving the spurious performance of an integrated ceramic waveguide filter without compromising its figure-of-merit e.g. Qfactor. Non-uniform width ceramic waveguide resonators are used to spread the undesired higher order mode frequencies along with ceramic TEM resonators reducing the overall cutoff frequency of the resonators. The proposed designs offer 60-65% better spurious performance in comparison with uniform width integrated ceramic waveguide filter. Simulated results for a six pole Chebyshev integrated non-uniform width ceramic waveguide filter and an integrated evanescent mode non-uniform width ceramic waveguide filter are presented in this paper showing improved spurious performance.
I. INTRODUCTION
Microwave filters are the integral and inevitable part of the satellite and terrestrial communication system. Coaxial TEM filters have been favoured candidate for cellular base stations offering excellent spurious performance while maintaining high Q-factors with only limitation of large volumes [1, 2] . Ceramic waveguide filters offer miniaturization by using high permittivity materials [3, 4] , but their crowded higher order resonances limit spurious free out of band spectrum. A ceramic filled waveguide filter achieves 50% size reduction as compared to coaxial TEM filter but their spurious free out of band rejection is limited to higher order waveguide modes [5] . Different design techniques have been proposed for the improvement of spurious performance of waveguide filters. Non-uniform width and step impedance waveguide resonators were used to improve the out of band response [6, 7] . In [8] asymmetrical irises with different widths for enhancing spurious free range are proposed. Combline and mixed combline approach used to enhance the out of band performance is reported in [8, 9] . In a recent paper published by the authors [11] the spurious performance of a uniform width ceramic waveguide filter was improved by introducing the concept of ceramic TEM resonator and ceramic step impedance resonator. Both of these techniques increase the spurious free bandwidth of ceramic waveguide filters but degrade the Q-factor of uniform width ceramic waveguide filter significantly. This paper presents two new design approaches to significantly improve the spurious performance of uniform width ceramic waveguide filter without compromising the Qfactor of ceramic waveguide resonators. A non-uniform width ceramic waveguide (NWCW) filter and a combined nonuniform width and ceramic TEM resonator filter are designed. and spurious resonances is to alter the geometry of resonator. In [10] , the idea to improve the stop band response by using the different width resonators was proposed. The fundamental frequency ( is kept the same by changing the length of resonators. This phenomenon spreads out the higher order resonant modes, so that it will not contribute as strongly as they did in normal waveguide filter. In [6] the same idea in rectangular waveguide filters to achieve a very good stop band performance was employed. This approach is used in ceramic waveguide filter to eliminate or push the re-resonances or higher order modes higher in frequency. The NWCW filter consists of a mono-block ceramic ( ) with its exterior silver plated. The Quality factor and resonant frequencies of resonators are determine by [11] . As both resonators have different dimensions, their widths and lengths can be computed by the following equations [6] .
(1) (2) Where , are widths and lengths of resonators respectively and , are the cut-off and first spurious mode frequency respectively. In uniform width waveguide filter design, there is only a leverage to change the length of the resonator. Whereas, the difference in widths and length provides more freedom to spread out the second mode frequency resulting in better stop band performance of ceramic waveguide filter.
III. CHEBYSHEV INTEGRATED CERAMIC WAVEGUIDE FILTER WITH NON-UNIFORM WIDTH RESONATORS
A six pole integrated ceramic waveguide filter is designed with non-uniform width resonators having following specification; The inter-resonator and external couplings are achieved via metal plated through holes and coaxial probes, respectively as described in [12] . The non-uniform width ceramic resonators improve the overall stop band performance up to 1.85* without degrading the overall response and selectivity of filter. The integrated ceramic waveguide filter offers an out of band attenuation of 40 dB up to 2.75 GHz, while with the different width ceramic waveguide filter 40 dB stop band attenuation is achieved up to 3.37 GHz, shows 60% improvement in spurious. Fig 2 shows a physical layout of NWCW filter. A comparison of simulated results of a NWCW filter with that of integrated ceramic waveguide filter [5] is shown in fig 3. EM simulated results show that a NWCW filter offers significant improvement (up to 60%) in the stop band performance of a ceramic waveguide filter.
IV. CHEBYSHEV INTEGRATED CERAMIC WAVEGUIDE FILTER WITH TEM DIFFERENT WIDTH RESONATORS
To further enhance the stop band performance of the ceramic waveguide filter a mixed resonator with non-uniform width and ceramic TEM loading is designed. This mixed approach integrated resonator further reduces its size while only slightly degrading the Q-factor. The six pole Chebyshev non-uniform width TEM resonator filter is shown in Fig.5 further pushes away the higher order harmonics of fundamental frequency ( . This mix resonator approach gives further volume reduction at the cost of increased pass band insertion loss (of 0.6 dB). The input/output and inter resonator coupling follow the same procedure as defined in [12] . This filter combines the effect of TEM and non-uniform width resonators to offer stop band attenuation window of 72dB up to 3.45 GHz, which makes it 1.87 times of . Fig 6 shows The data shows that the ceramic TEM NWCW resonator offers much miniaturisation at the expense of slightly lower unloaded quality factor. 
